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ABSTRACT 
The O.K. deposit in the Beaver Lake Mountains of southwestern 
Utah is a hydrothermal copper-molybdenum deposit which is enclosed 
in a seriate porphyritic to equigranular quartz monzonite 
intrusion of Tertiary age.  The primary ore minerals, chalcopyrite 
and molybdenite, are concentrated in a small ellipsoidal pod with 
coarse-grained quartz.  Chalcopyrite also occurs with quartz in 
veins and along joint surfaces within the host rock. 
The O.K. deposit is genetically associated with the 
development of a chimney-shaped, coarse-grained quartz core 
roughly 30 m in diameter which lies along a N80W trending fissure 
system.  Supported by field relationships and geochemical trends, 
the quartz core and the ore minerals are believed to have been 
precipitated from hydrothermal fluids which traveled along this 
fissure system. 
The quartz monzonite which surrounds the quartz core has been 
transformed into a concentric sequence of alteration zones which 
contain mineral assemblages similar to those found in the much 
larger porphyry copper deposits.  The quartz monzonite closest to 
the quartz core was sericitized and silicified defining the 
phyllic zone of alteration. With increasing distance from the 
core, kaolinite and calcite + epidote appear as hydrothermal 
products to define the argillic and propylitic zones of alteration 
respectively. 
Fluid inclusion studies found moderate-salinity, gas-rich, 
and halite-bearing inclusions, all of which are common to porphyry 
copper deposits. 
Despite the physical similarities of the altered rocks and 
the hydrothermal fluids between the O.K. deposit and a typical 
porphyry copper deposit, there are several features at the O.K. 
mine that are unique, thus suggesting that the deposits are not 
genetically identical.  These differences include the presence of 
a massive quartz core, the concentration of the ore minerals in 
this quartz mass, the absence of a potassic zone of rock 
alteration, and a lack of pyrite.  These unique features observed 
at the O.K. deposit are concluded to be a result of different 
sources for the hydrothermal fluids and a different mode and 
environment of emplacement compared with those of typical porphyry 
copper deposits. 
INTRODUCTION 
In the mountain ranges northwest of Milford, Utah, several 
mineralized zones have been defined, developed, and mined 
intermittently. Many of the deposits are associated with quartz 
monzonite intrusions of the San Francisco and Beaver Lake 
Mountains (Fig. 1). Mining began in this area in 1870 with the 
production of lead-silver ores from the Star District in the Star 
Range (Fig. 1) (Butler, 1913; Butler, et al., 1920).  Since then, 
several other localities have been mined. This study is focused 
on the O.K. deposit in the southern Beaver Lake Mountains (Fig. 2) 
which is approximately 16 km northwest of Milford. 
Regionally, the area of interest is located in southwestern 
Utah on the eastern edge of the Basin and Range Province. The 
Beaver Lake and San Francisco Mountains are north trending ranges 
in this geomorphic province.  The rock units found in the Beaver 
Lake Mountains include igneous rocks of granitic to granodioritic 
composition, sedimentary limestones and dolomites, and minor 
metasediments and metavolcanics (Fig. 3) (Barosh, I960).  The O.K. 
mine is located in a small copper- and molybdenum-bearing body of 
massive quartz enclosed within a seriate porphyritic to 
equigranular quartz monzonite intrusion (Fig. 3). The only other 
major known deposit in this area which is completely within the 
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FLgure 1.  Geologic map of. the San 
Francisco and Beaver Lake 
Mountains with locations of 
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Butler, et al., 1920). 
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INTRODUCTION 
In the mountain ranges northwest of Milford, Utah, several 
mineralized zones have been defined, developed, and mined 
intermittently.  Many of the deposits are associated with quartz 
monzonite intrusions of the San Francisco and Beaver Lake 
Mountains (Fig. 1). Mining began in this area in 1870 with the 
production of lead-silver ores from the Star District in the Star 
Range (Fig. 1) (Butler, 1913; Butler, et al., 1920).  Since then, 
several other localities have been mined.  This study is focused 
on the O.K. deposit in the southern Beaver Lake Mountains (Fig. 2) 
which is approximately 16 km northwest of Milford. 
Regionally, the area of interest is located in southwestern 
Utah on the eastern edge of the Basin and Range Province.  The 
Beaver Lake and San Francisco Mountains are north trending ranges 
in this geomorphic province.  The rock units found in the Beaver 
Lake Mountains include igneous rocks of granitic to granodioritic 
composition, sedimentary limestones and dolomites, and minor 
metasediments and metavolcanics (Fig. 3) (Barosh, 1960).  The O.K. 
mine is located in a small copper- and molybdenum-bearing body of 
massive quartz enclosed within a seriate porphyritic to 
equigranular quartz monzonite intrusion (Fig. 3).  The only other 
major known deposit in this area which is completely within the 
Figure Geologic map of the San 
Francisco and Beaver Lake 
Mountains with locations of 
mineral deposits (from 
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Figure 3.  GcologLc map of the Heaver Lake Mountains, Utah (from Barosh, 1960). 
quartz monzonite is that of the Cactus mine roughly 15 km to the 
west in the San Francisco Mountains (Fig. 1). 
The O.K. mine was the largest producing mine in the Beaver 
Lake District (Butler, et al., 1920) and operated intermittently 
between 1900 and 1975.  The deposit was mined underground during 
the early part of the 1900's (Butler, et al., 1920), and was 
converted to an open pit operation in the late 1960's.  The 
principal sulfide minerals include chalcopyrite, molybdenite, and 
pyrite which are concentrated in a small quartz pod and in quartz 
veins.  The mineralization and alteration of the quartz monzonite 
are associated with both a pipe-like body of massive 
coarse-grained quartz that developed along a fissure system 
oriented approximately east-west (Fig. 4) and an aplite dike 
(Butler, 1913).  Certain characteristics of the mineralization and 
wall-rock alteration in the O.K. deposit resemble those of the 
hydrothermally derived porphyry copper deposits of the American 
Southwest.  However, the O.K. deposit also has unique features. 
Therefore, a major objective of this study was to elucidate the 
type and processes of mineralization and alteration responsible 
for the O.K. deposit by investigating the petrology, geochemistry, 
and structural setting of the O.K. deposit and its environs. 
Several methods of investigation were used. The first 
involved field work to collect rock samples, study existing 
exposures, and to obtain an understanding of the structure of the 
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figure A.  Generalized stereogram showing the relation of 
pegmatitic quartz and mineralized quartz monzonite 
in the O.K. mine (from Butler, et al., 1920). 
1 = Pipe of pegmatitic quartz 
2 = Altered quartz monzonite 
3 = Quartz monzonite 
4 = High-grade ore 
deposit. The second method, and that which received the roost 
attention, was transmitted and reflected light microscopy of thin 
and polished sections of many of the samples collected in the 
field.  This was necessary to determine mineral associations and 
rock textures.  The third method of investigation was X-ray 
fluorescence analysis of selected samples for bulk chemistry so 
that variations in elemental abundances, which might be related to 
the type of alteration and mineralization, could be traced and 
defined.  Electron microprobe analysis was also carried out to 
determine the chemistry of co-existing phases in selected samples. 
Lastly, a study was made of fluid inclusions in quartz of the 
mineralized zone which provided physical and chemical information 
on the fluids responsible for the deposit. 
Field Work 
Field work and sample collecting was done in June of 1982. 
Sample collecting in the pit itself was severely limited due to 
the steepness of the pit walls which were covered with talus. 
Fresh exposures of the quartz monzonite host were also limited due 
to alluvial cover.  Plates I and II show the sample locations 
along the ramp leading to the pit and the surrounding quartz 
monzonite respectively. 
The O.K. pit is oriented in an east-west direction with a 
length of approximately 365 m and a width of just over 122 m 
(Plates I and II).  The samples which were collected within the 
pit are labeled the R (Ramp) series.  Sample collecting along the 
periphery of the pit was, in most cases, impossible due to the 
extensive tailings dumps (see Plate II).  Samples collected on the 
road cuts near the pit are labeled the IC (Inner Circle) series. 
Samples away from the pit were collected as the OC (Outer Circle) 
series.  Samples of loose talus are labeled T (Talus).  Other 
samples not included within a series include WP (West Peak) -1 
which is from the volcanic peaks west of the pit, and BD (Blue 
Dike) -1 from a blueish dike-like body which cuts through the pit. 
In all, samples from roughly 1200 square meters were collected. 
Unfortunately, none of the contacts between the quartz monzonite 
and the other rock units were exposed because of the alluvial 
cover. 
Strike and dip measurements of joints and slickensided 
surfaces were also acquired. They were later plotted and 
interpreted in the laboratory. 
While in Denver, drill cuttings used by consultants to 
evaluate the O.K. mine in the 1950's were located.  The author was 
allowed to use them by generous consent of Mr. Homer Noble and Mr. 
Maynard Ayler.  The cuttings were exceedingly helpful in the 
acquisition of geochemical data since sampling at the open pit was 
restricted to surface samples. The samples obtained were from 
horizontal holes at the 61 m (200 foot) level of the mine and are 
10 
shown in Plate III.  Some pieces were large enough to make into 
thin sections. For reference, sample 20-110 means the sample is 
110 feet down drill hole #20. 
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PREVIOUS WORK 
The most detailed report on the O.K. deposit is the U.S.G.S. 
Professional Paper 80 by B.S. Butler.  In this paper entitled "The 
Geology and Ore Deposits of the San Francisco and Adjacent 
Districts," Butler gave a detailed description of the geology of 
the Beaver Lake Mountains, the O.K. mine, and many other deposits. 
The O.K. ore body was also described subsequently in less detail 
(Butler, 1914; Butler, et al., 1920). The only other publication 
dealing specifically, with the Beaver Lake Mountains is an account 
of the general geology by P.J. Barosh (I960). 
Regional Geology and Structure 
The Beaver Lake Mountains are one of many north trending 
ranges near the eastern edge of the Basin and Range Province.  The 
rocks exposed in this area are predominantly Tertiary volcanics. 
Others include Precambrian metasedimentary rocks, Cambrian to 
Jurassic limestone and shale sequences, and minor Tertiary 
intrusives (Hintze, 1963). 
A regional account of the structural features was presented 
by J.W. Schmoker (1972). Figure 5 is a map of his study area. 
Based on his geophysical data, Schmoker concluded that this region 
is underlain by a large, tabular Tertiary intrusive whose northern 
extremity runs east-west across the northern section of the map 
12 
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Figure 5.     Schmoker study area  (from Schmoker,   1972). 
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and which extends beyond the map in all other directions.  This 
intrusive pluton reportedly dips to the west having an eastern 
elevation of roughly 610 m above sea level and a western elevation 
of 3355 m below sea level.  Schmoker also states that small 
intrusive cupolas are present.  These may form the "plutons" that 
are exposed in the Beaver Lake Mountains. 
As would be expected in the Basin and Range Province, the 
long San Francisco Mountains and the paralleling Beaver Lake 
Mountains, Rocky Range, and Star Range are parts of north 
trending, uplifted structural blocks (Schmoker, 1972).  Although 
alluvial cover exists between each of these ranges, gravity data 
suggests that it is not thick.  Cross section A-A' in Figure 6 is 
a geologic model across the mountain ranges which displays the 
typical horst-graben structure. 
Geology of the Beaver Lake Mountains 
The Beaver Lake Mountains are a series of low-relief, 
rounded, north-south trending hills which consist of a variety of 
rock types. Paleozoic sedimentary rocks are dominant in the 
northern part of the range whereas Tertiary igneous rocks compose 
most of the central and southern sections (Fig. 3) (Barosh, 1960). 
From Barosh's work, it is evident that the stratigraphic section 
is represented by rocks ranging in age from Lower Cambrian to 
Tertiary and, of course, Quaternary alluvial cover.  Some hiatuses 
14 
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Figure 6.  Cross section showing the horst-graben structure of the study area in Figure 
5 (from Sclimoker, 1972). 
do exist. For example, there are no Middle Cambrian to Late 
Ordovician rocks and there are no sedimentary rocks younger than 
Mississippian. 
The oldest rocks in the Beaver Lake Mountains are a sequence 
of Lower Cambrian quartzite, shale, and carbonates (Barosh, 1960). 
On top of these lie a sequence of Late Ordovician to Devonian 
dolomites which are, in turn, overlain by Mississippian limestones 
(Barosh, 1960).  These rocks are exposed in the northern 
extremities of the mountains with some carbonate rocks extending 
southwestward into the central portion.  Since they are not 
directly related to or associated with the O.K. deposit and its 
host intrusion, no further discussion of them is necessary here. 
Figure 3 shows that igneous rocks of Tertiary age compose 
more than two-thirds of the Beaver Lake-Mountains.  Both 
intrusives and extrusives occur with the extrusives being the 
older based on contact and alteration relationships (Butler, 1913; 
Barosh, 1960).  Flows containing feldspar phenocrysts are the 
dominant volcanic rocks and tuffs are also common.  Compositions 
range from latite to andesite with quartz latite being the most 
abundant (Barosh, 1960). Butler and Barosh noted that the 
volcanics in the southern part of the Beaver Lake Mountains have 
been almost entirely altered to quartz and sericite as a result of 
the intrusion of the quartz monzonite intrusive. This is 
indicated by the decrease in alteration of the volcanics away from 
16 
the intrusions, mineralization along contacts, and a quartz 
monzonite dike that cuts the volcanics (Butler, 1913; Barosh, 
1960). 
Most of the intrusive rocks are quartz monzonitic in 
composition, but locally they become granitic to quartz dioritic 
(Barosh, I960).  These rocks occur in the form of two stocks, one 
in the northeast corner and one in the southeast corner (Fig. 3). 
The stocks are exposed in four areas within the mountains, and are 
believed to underlie much of the alluvial cover to the south and 
west.  As pointed out by Schmoker (1972), these stocks are 
probably cupolas which continue under the alluvium. 
The mineralized zone at the O.K. deposit is the only major 
mineralized zone in the Beaver Lake Mountains which is entirely 
within the quartz monzonite.  The Beaver-Harrison mine, 600 m 
southeast of the O.K., is relatively small and was not described 
by either Butler or Barosh. 
Geology of the O.K. Deposit and Host Quartz Monzonite 
U.S.G.S. Professional Paper 80 by B.S. Butler is a remarkable 
account of the geology and ore deposits of the mining districts in 
the area of this study. It includes a detailed description of the 
O.K. deposit and most of the following discussion is based on this 
description. 
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Silicate Rocks 
Butler noted that the quartz monzonite is typically 
equigranular and contains orthoclase, plagioclase ranging in 
composition from oligoclase to labradorite, and about 15% of 
hornblende and biotite.  Quartz also constitutes about 15% of this 
rock, and accessory minerals are magnetite, sphene, and apatite. 
The hornblende is green and contains inclusions of magnetite, 
biotite, and, rarely, feldspar.  Chemical analyses of altered and 
fresh quartz monzonite from the O.K. mine were published by Butler 
(1913) and are reproduced in Table 1. 
Butler (1913) stated that, except along fractures, the quartz 
monzonite in the Beaver Lake Mountains is relatively free of 
alteration. However, as the mineralized zone of the O.K. mine is 
approached, the feldspars begin to take on a chalky appearance.  A 
summary of Butler's description of the alteration is the 
following: 
The iron and magnesium bearing minerals are altered first. 
Original brown biotite has altered to a green mica and/or 
chlorite. Rutile may be present with the chlorite but positive 
identification was impossible due to its small size. The 
hornblende has altered directly to chlorite and a carbonate 
mineral.  Serpentine is recognized in the rocks having the most 
advanced stages of alteration. 
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Weight-percent 
OXIDE 1 1A 
Si09    66.Al       66.87 
A1203  15.85  18.14 
Fe003   1.92   1.36 
FeO   2.52   1.06 
MgO   1.66    .68 
CaO   3.71    .11 
Na20   3.60    .61 
K90   3.A6   A.12 
H90- 12    .87 
H90+   1.09   A. 05 
Ti09 A3    .85 
CO 72   none 
P905 23    .05 
SO.   none    .05 
S   none    .23 
MnO 07   none 
Cu 70 
TOTAL: 99.79  99.75 
Table 1.  Analysis of fresh and altered quartz monzonite 
at the O.K. mine.  (See Plate III for sample 
locations; from Butler, 1913). 
1 = Fresh quartz monzonite from vertical 
shart. 
1A = Altered quartz monzonite from south 
wall of stope, 61 m (200 foot) level. 
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The feldspars were altered almost as readily as the mafic 
minerals and the plagioclase feldspar altered more readily than 
the alkali feldspar. Sericite is the main alteration product of 
both plagioclase and orthoclase and it begins to develop along 
cleavage cracks in the feldspar. Calcite may exist in the 
feldspar during the early stages of alteration but as the 
alteration intensifies, sericite is the only observed product. 
As might be expected, quartz is relatively unaffected by the 
altering fluids.  Only when the rock is extremely altered is 
sericite present along cracks in the quartz grains. 
Of the accessory minerals, magnetite is the least stable and 
was not recognized in the highly altered rocks of the O.K. mine. 
Sphene is more resistant and is present even in some of the most 
altered rocks. Rutile is also present here since it is an 
alteration product of the sphene. Apatite is ubiquitous and shows 
little effect of the alteration.  Small amounts of tourmaline are 
present in the altered rocks. 
Butler (1913) also compared the fresh and altered quartz 
monzonite in a strictly chemical sense. From Table 1, it is 
evident that in the quartz monzonite of the O.K. deposit, silica 
and alumina have increased in the altered rocks by roughly 2.5 
weight percent each.  Iron and magnesium have been significantly 
depleted in the altered rocks.  Calcium and sodium have been even 
more markedly depleted and potassium is enriched in the altered 
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rocks. Water was markedly increased in the altered rocks. 
Titanium, copper, and sulfur also have all increased in the 
altered rocks. 
With these chemical analyses, Butler estimated the 
composition of the invading fluids on the simple assumption that 
elements that were added to the rocks must have been in the 
fluids.  He states that the fluids must have been rich in 
potassium, sulfur, and copper, and originally deficient in those 
elements that were removed from the wall rock and carried away. 
Ore and Gangue Minerals 
According to Butler (1913), the major ore minerals are 
pyrite, chalcopyrite, and molybdenite whereas quartz and sericite 
are the major gangue minerals." The most characteristic feature of 
the O.K. deposit is the presence of a chimney-shaped body of 
ore-bearing, pegmatitic quartz that is brecciated and intrudes the 
quartz monzonite host (Butler, 1913). The quartz body is 
surrounded by a roughly concentric shell of altered quartz 
monzonite (Fig. 4). The diameter of the quartz body is roughly 30 
m.  Quartz crystals as large as 25 cm in diameter and 60 cm in 
length were reported by Butler. Veins of quartz emanate from this 
central source and pinch out with increasing distance from it. 
The abundance of sericite also decreases outward from this quartz 
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core reflecting the influence of the emplacement of the quartz 
core on the alteration of the quartz monzonite. 
A fissure with a strike of approximately N80W and a dip of 60 
- 65N is associated with the mineralization at the O.K. mine (Fig. 
4) (Butler, et al., 1920).  Slickensides were found along this 
fissure which indicate movement of an unknown magnitude. 
Chalcopyrite and molybdenite were highly concentrated at the 61 m 
(200 foot) underground level just west of the inclined shaft in a 
small body with dimensions of approximately 14 m high, 21 m long 
(east-west), and 11 m wide (north-south) (see Fig. 7).  This body 
is the pod of concentrated ore Butler showed diagramatically in 
Figure 4.  These ore minerals were also noted by Butler to occur 
as disseminations in the quartz monzonite adjacent to the core and 
in small veins of quartz away from the core. 
Oxidation of the ores has produced the secondary copper 
minerals malachite, azurite, chrysocolla, and cuprite (Butler, 
1913).  The incompletely oxidized chalcopyrite contains veinlets 
of brown limonite and minor copper carbonate.  The molybdenite of 
the O.K. deposit has locally been altered to powellite.  Butler 
stated that there is a sulfide enrichment zone of covellite and 
chalcocite which partially replaces pyrite and chalcopyrite below 
the zone of oxidation.  However, he does not describe the 
enrichment zone in detail. 
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Figure 7.  Plan and sections of the O.K. mine showing ore 
concentrations and the quartz core (from 
Butler, 1913). 
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Butler (1913) recorded that there are certain features which 
indicate that the solutions responsible for the O.K. ore deposit 
were hot and originated from the quartz monzonite magma. Although 
meteoric waters could have been heated by circulating close to the 
cooling intrusion, Butler believed that the mineralizing fluids 
were of magmatic origin because of the intimate association of the 
ore minerals with an aplite dike at the bottom of the O.K. shaft 
below the 122 m level and with the quartz core.  Butler concluded 
that these two rocks, the dike and the quartz core, were magmatic 
differentiates of the quartz monzonite magma and provided the 
mineralizing fluids.  He was probably correct in concluding that 
the fluids were of magmatic origin, but it is quite unlikely that 
the quartz core is a magmatic differentiate which is discussed in 
detail in a succeeding section on the chemical variations within 
the quartz monzonite. 
Prospecting for other ore bodies in surrounding properties 
was carried out after the O.K. deposit was discovered (Butler, 
1913). Although other mineralized areas were found, they were too 
small and too low in grade to be commercially mineable. 
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PORPHYRY COPPER DEPOSITS: 
A BRIEF INTRODUCTION 
For many years, porphyry copper deposits - large, low-grade 
copper- and/or molybdenum-bearing deposits in a porphyritic 
intrusive rock of intermediate to silicic composition - have been 
extensively studied and described in the literature (Titley, 
1982-A; Titley and Hicks, 1966; Barnes, 1979 and 1967; Lowell and 
Guilbert, 1970; plus others).  The processes responsible for these 
deposits are fairly well documented, but, as with any geological 
phenomenon, the great complexity of the deposits leaves some 
problems that are not yet fully understood.  It is widely accepted 
that hydrothermal fluids must have, at one time, been present as 
the transporting medium for the elements of the ore and as the 
agent which altered the pre-existing minerals of the host rocks. 
Whether the fluids are magmatic, meteoric, or a mixture of the two 
has been the subject of debate, and the answer may differ from one 
deposit to another.  The composition of the fluids, especially 
their salinity, is an uncertain feature which is receiving 
considerable attention.  The source of the metals and how they 
become concentrated is also often a mystery.  The almost exclusive 
association of these deposits with igneous rocks of intermediate 
to silicic composition, however, provides for a better understanding 
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of their origin as does the obvious concentration of these 
deposits in particular areas of the world (see Fig. 8). 
The most striking and characteristic feature of these 
deposits is a concentrically zoned pattern of alteration and 
mineralization of the host igneous intrusion.  The silicate rocks 
have been altered by hot fluids to distinct mineral assemblages 
that can be delineated both laterally and vertically around a core 
or heat source (Fig. 9).  The position and sequence of the 
different zones with respect to the core is, with rare exception, 
consistent from one deposit to the next. Each zone is identified 
by a distinct group of minerals that is a product of changing 
chemical and physical conditions within the geothermal system. 
From Lowell and Guilbert (1970), the zones in order of increasing 
distance from the core are the potassic, phyllic, argillic, and 
propylitic. 
This publication by Lowell and Guilbert (1970) is a classic 
reference concerning porphyry copper deposits and their 
mineralization and alteration features. Lowell and Guilbert's 
classification scheme will be used for discussion and comparison 
of the alteration features of the O.K. deposit. 
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Figure 8.  Most porphyry copper deposits are located either 
along the rim of the Pacific or in a band extending 
from the Middle East through the south of the 
Soviet Union (from Titley, 1981). 
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OPTICAL MICROSCOPY: 
DESCRIPTIVE PETROGRAPY AND GEOLOGY 
Sixty-one thin and polished sections were made from selected 
hand specimens and drill cuttings from specific locations at the 
O.K. mine and host quartz monzonite.  Plates I and II show the 
locations of the samples; the sample-designation system is 
described in the Field Work section. 
The host intrusion of the O.K. and Beaver-Harrison deposits 
is a quartz monzonite which shows local variations in its 
composition and texture.  The compositional variations may be 
defined by the relative percentage of mafic minerals and by the 
ratio of plagioclase to alkali feldspar.  Marked textural 
differences are observed particularly in the shape and size of the 
feldspar and quartz grains. Refer to Plate II for the locations 
of the inhomogeneities of the intrusion that will be discussed. 
Compositional Variations (Mineralogy) 
Most of the stock is quartz monzonitic to granodioritic in 
composition.  Sample locations at which this compositional range 
can be found include OC-4, OC-5, OC-7, OC-9, IC-4, IC-5, IC-6, 
IC-7, IC-8, IC-9, and IC-11.  Amphibole, biotite, and chlorite 
together constitute approximately 15% of the rock by volume.  The 
amphibole has a very pale green pleochroism and is usually 
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associated with chlorite, magnetite and, in places, sphene, 
epidote, calcite, and biotite. This association and weak 
pleochroism suggests that the amphibole is hydrothermal 
actinolite, rather than igneous hornblende as described by Butler 
(1913) and Barosh (1960).  Actinolite is the dominant mafic 
mineral and constitutes 8 to 12% of the rock by volume.  Biotite 
ranges from 5 to 10% of the rock by volume.  Chlorite occurs in 
variable amounts depending on the degree of alteration of the 
actinolite and biotite.  Quartz typically constitutes 18 to 22% of 
the rock by volume.  Feldspar comprises roughly 65% of the rock by 
volume with plagioclase being either equal to or slightly greater 
in abundance than K-feldspar.  Accessory minerals include 
magnetite, sphene, and apatite.  Calcite and epidote occur in 
small amounts as alteration products of the plagioclase and 
actinolite.  The accessory and alteration minerals together 
constitute up to 5% of the rock by volume. 
Samples IC-2, IC-10, OC-3, 0C-6A, 0C-6C, OC-8, BD-1, R-8.3B, 
R-8.4, R-8.6B, R-8.8A, 20-110, 27-5, and 33-30 have a more 
granitic composition inasmuch as they contain a lower percentage 
of mafic minerals and a higher percentage of alkali feldspar. 
Biotite that is either partially or entirely altered to chlorite 
is the dominant ferromagnesian mineral and constitutes 5 to 10% of 
the rock by volume.  Alkali feldspar appears to be more abundant 
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than plagioclase, but, because it is altered, this is hard to 
assess. 
The rocks between R-3 and R-8.2B contain even greater amounts 
of K-feldspar relative to plagioclase, and quartz is also more 
abundant.  Biotite, partially altered to chlorite, is again the 
only mafic mineral, but has increased in abundance to 10 to 15% of 
the rock by volume. 
Another compositional variation is the 30 m diameter 
pipe-shaped body of massive quartz which is enclosed in quartz 
monzonite and which is associated with the sulfide mineralization. 
Neither the core itself nor the contact between the quartz core 
and the quartz monzonite was observed in the field due to debris 
cover. However, Butler (1913, 1914), recorded that the core 
formed along, a brecciated zone in the host quartz monzonite and 
that veins of quartz extend from this chimney into the adjacent 
wall rock.  Samples R-10.1, R-10.2, R-10.3, R-10.4, R-9.1, and 
26-5 represent this wall rock which has been highly silicified and 
sericitized.  Butler (1913) also mentioned that quartz monzonite 
fragments in the quartz pipe have become rounded and intensely 
altered.  Pieces of debris from near the core confirm this. 
It seems improbable that the quartz core is strictly a 
magmatic differentiate of the quartz monzonite magma as Butler 
(1913, 1914) suggested inasmuch as a pure quartz melt would 
solidify at a temperature far higher than the temperature at which 
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a quartz monzonite magma would solidify.  Thus, the quartz melt 
could not be a later differentiate if it should theoretically 
solidify before the quartz monzonite magma.  It is more reasonable 
to conclude that the core was derived from silica-rich aqueous 
fluids which would have a substantially lower solidification 
temperature.  These fluids probably invaded a brecciated zone in 
the quartz monzonite and deposited quartz by massive replacement 
and minor cavity filling. As indicated by samples R-10.1, 
R-10.2, R-10.3, R-10.4, and R-9.1, these fluids also permeated 
the walls of the brecciated zone to produce quartz veins and 
veinlets.  Tourmaline sprays are present in sample R-9.1. 
Another coarse-grained quartz mass occurs at the top of the 
Beaver-Harrison mine shaft which is roughly 600 m southeast of the 
O.K. quartz core. This mass is represented by sample 0C-6D. The 
extent of this quartz body both laterally and vertically was not 
determined so it is not known whether this is a massive core like 
that at the O.K. mine or just a small pod.  But the occurrence of 
another coarse-grained quartz mass is significant in that it means 
that quartz concentrations like that of the O.K. core are not 
unique to the area and that other as yet unknown mineralization 
centers may be present.  It is also significant to note that the 
O.K. core and the pod at the Beaver-Harrison mine may be connected 
by a line trending roughly NA5W.  This is in the same general 
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direction as the strike of the fissure along which the O.K. core 
was emplaced (Butler, 1913). 
From thin section observation, 0C-6D also contains tourmaline 
crystals which line many quartz grain boundaries. 
Samples IC-11 and IC-11A show the compositional 
inhomogenieties of the stock on a very small scale.  Small, mafic 
concentrations 15 cm in diameter (IC-11A) which are more resistant 
to weathering occur as rounded pods within the groundmass of IC-11 
(Fig. 10).  The pods consist of very fine-grained masses of 
hornblende, calcic plagioclase, and pyroxenes that are rimmed with 
an amphibole.  This is the only noted occurrence of pyroxene in 
this part of the intrusion.  These pods, which may well be 
fragments of an earlier solidified portion of the quartz 
monzonite, are also described by Barosh (1960). 
Microcline occurs as small anhedral grains in samples OC-3 
and OC-A.  Microcline is the low temperature form of alkali 
feldspar and its presence in these samples at the periphery of the 
exposed pluton suggests that this part of the stock crystallized 
at a relatively low temperature compared with the inner hotter 
portions of the stock. 
Textural Variations 
Most of the stock around the O.K. and Beaver-Harrison mines 
is holocrystalline and phaneritic with a fabric ranging from 
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Figure 10. Pods of more resistant mafic concentrations 
in quartz monzonite at location IC-11. 
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equigranular to seriate porphyritic.  Plagioclase is euhedral to 
subhedral whereas K-feldspar is typically subhedral.  These 
minerals range in size from coarse-grained phenocrysts (>5 mm) to 
that of the ground mass (<1 mm).  The feldspars are typically 
weakly to moderately altered to an extremely fine-grained clay 
and/or sericite.  The plagioclase is usually more altered than the 
K-feldspar. Normal zoning of the feldspars is slight when 
present.  The groundmass consists of quartz, actinolite, biotite 
and chlorite.  There is a strong spatial association between the 
minerals actinolite, chlorite, and magnetite, which may in places 
be associated with sphene, biotite, epidote, and/or calcite. 
These groups of minerals appear to be alteration assemblages and 
are discussed in the next section. 
Most of the biotite in the quartz monzonite is curiously very 
fine-grained.  Subhedral to euhedral flakes occur in small groups 
that appear associated with quartz grains. Chlorite partly to 
completely replaces the biotite.  This occurrence of the biotite 
might suggest that it is of hydrothermal origin and that it is 
part of the potassic zone (Lowell and Guilbert, 1970).  But since 
it is fairly evenly distributed throughout the rock rather than 
concentrated in veins, and since the quartz appears to be primary 
rather than secondary vein fillings, the texture and association 
of the biotite may better be interpreted as a late-forming primary 
mineral along with the quartz. 
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Accessory minerals include magnetite, sphene, and apatite. 
The alteration minerals calcite and epidote occur in trace 
amounts.  The magnetite is fine-grained, euhedral, and almost 
always found in granular aggregates with amphibole or biotite. 
The sphene is fine-grained, anhedral, but commonly has sharp, 
distinct, grain boundaries and fills the interstices between 
pre-existing minerals such as feldspar.  It usually occurs in 
groups of anhedral grains that are optically continuous indicating 
that it is a late forming, primary mineral.  In places, sphene is 
associated with actinolite which suggests that the sphene may also 
occur as an alteration product of a primary pre-existing mafic 
mineral.  Depending on its orientation with respect to the plane 
of the thin section, apatite appears as small prismatic needles or 
hexagonal basal sections.  Calcite and epidote are very 
fine-grained, anhedral, and usually associated with plagioclase or 
amphibole. 
The most interesting igneous textural variation in the quartz 
monzonite is revealed along the pit ramp of the O.K. mine between 
sample locations R-3 and R-8.2B (see Plate I).  In this stretch 
which extends for almost 150 m occurs granitic rock with a 
poikilitic texture.  About 80% of all the feldspar is alkali 
feldspar.  Biotite, which is medium-grained and, in places, 
partially altered to chlorite, is the only ferromagnesian mineral 
and constitutes 10 to 15% of the rock by volume. Magnetite and 
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sphene are present in trace amounts.  The K-feldspar occurs as 
relatively unaltered coarse-grained anhedral grains which 
completely engulf grains of moderately altered plagioclase, 
biotite, and/or quartz (Fig. 11).  Zoning in either type of 
feldspar is uncommon.  Quartz also occurs as coarse anhedral 
grains.  It also occurs in granophyric intergrowths with 
K-feldspar. 
This texture of the K-feldspar and quartz may be interpreted 
as a crystallization product of a residual low-melting composition 
in the system orthoclase-albite-quartz.  The fact that the 
plagioclase is more altered than the alkali feldspar indicates 
that the plagioclase was hydrothermally altered selectively. 
At locations R-8.2B and R-8.3A, the texture of the quartz 
monzonite appears to be transitional between the poikilitic rock 
to the west and the more equigranular rock to the east.  For 
roughly 30 m between R-8.3B and R-8.8A, the quartz monzonite 
continues to have a more equigranular to subporphyritic fabric. 
The biotite is again very fine-grained and associated with quartz. 
This gradational change in texture further suggests that the 
poikilitic body developed from a residual pool rather than as a 
discrete dike which would have sharper contacts. 
Most of the quartz monzonite between R-8.8A and the quartz 
core has been intensely sericitized which resulted in the 
destruction of virtually all of the primary feldspar.  Tourmaline 
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Figure 11.  Photomicrograph of sample R-5 showing 
poikilitic texture.  Large anhedral alkali 
feldspar (K) engulfs smaller euhedral and 
more altered plagioclase (P). 
28x crossed nicols. 
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needles occur in some of the coarse-grained vein quartz adjacent 
to the core.  These rocks will be discussed in detail in the 
section on alteration. 
Another textural variation occurs at IC-4 south of the pit. 
Here, the quartz monzonite is fine- to medium-grained and 
equigranular with interstitial and optically continuous quartz in 
domains.  The feldspars are exceptionally fresh and often highly 
zoned (Fig. 12).  Biotite and actinolite constitute 15% of the 
rock by volume.  This same texture and mineralogy is also present 
in section R-8. Here, it has a knife-edge contact with rock that 
has a poikilitic texture very similar to that previously described 
except that it is much finer grained and more mafic.  It is 
possible that the rock common to IC-A and R-8 is part of a 
post-alteration dike striking NNE across the pit (see Plate II). 
It is known that the type of rock at IC-A does not extend for more 
than 30 m eastward but more field work would be needed to verify 
the existence of such a dike. 
Interestingly, sample R-8 shows yet a third textural 
variation. This rock is subporphyrtic with a mineralogy similar 
to the normal quartz monzonite.  It is also in sharp contact with 
the poikilitic rock.  The degree of alteration of its feldspar is 
weaker than that in the more altered poikilitic mass and greater 
than that in the less altered "dike" material.  It should also be 
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Figure 12.  Photomicrograph of sample IC-4 showing 
unususally fresh feldspar. 
28x crossed nicols. 
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noted that sample K-8 itself is enclosed at least to the east and 
west by coarser grained, less mafic, poikilitic rock. 
Another textural variation is observed in rock samples IC-2, 
OC-8, and BD-1.  IC-2 and OC-8 occur on opposite sides of the open 
pit whereas BD-1 lies between them on the northern pit wall.  The 
ground mass in these samples is much finer grained than in other 
samples and this imparts a more porphyritic appearance to the 
rock. This finer grained groundmass, mainly quartz with minor 
K-feldspar, has a very distinctive, interlocking "jigsaw" texture 
(Fig. 13).  The grain boundaries of these quartz grains are very 
sharp and jagged in outline.  BD-1 is similar in all respects to 
the other two except that the quartz grains of the fine-grained 
ground mass are more rounded than jagged.  Biotite is the only 
ferromagnesian mineral in the samples. The striking similarity 
between these three widely spaced samples makes it almost certain 
that they are genetically related. As in the IC-4 - R-8 
situation, a dike trending roughly NNE connecting IC-2, BD-1, and 
OC-8 would be the easiest and most logical way to account for 
their similarities.  In fact, BD-1 could be seen in the field to 
be within a dike rock (Fig. 14). This strengthens the possibility 
of a parallel dike connecting IC-4 and R-8. 
A textural feature that was observed in particular grains 
rather than the rock as a whole is a type of oriented intergrowth 
within selected plagioclase grains (Fig. 15-A).  This feature is 
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Figure 13.  Photomicrograph of sample IC-2 showing the 
interlocking "jigsaw" texture of the optically 
continuous groups of quartz grains. 
28x crossed nicols. 
4 2 
Figure 14.  Dike along the northern pit wall from which 
sample BD-1 was taken. 
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Figure 15-A.  28x crossed nicols. 
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Figure 15-B.  200x crossed nicols. 
Figures 15.  Photomicrographs of sample IC-11 showing 
oriented inclusions of K-feldspar in a plagioclase 
phenocryst.  Note opaque and prismatic minerals 
within rectangular patches of K-feldspar in Figure 
15-B. 
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seen in all the thin sections that are not intensely altered. 
Certain unaltered plagioclase grains contain very small, 
rectangular, oriented patches which have a gray birefringence and 
a lower index of refraction than the host plagioclase.  With close 
examination, most of these patches contain even smaller, anhedral 
to euhedral opaque minerals, translucent needle-shaped minerals, 
or both (Fig. 15-B). These oriented inclusions resemble 
exsolution bodies, and their abundance varies from section to 
section and from grain to grain.  In analytical scanning electron 
microscopy, the oriented patches were found to be K-feldspar and 
the opaques within them magnetite.  The translucent acicular 
minerals were irresolvable.  The K-feldspar patches are, 
therefore, probably crystallographically oriented exsolution 
bodies.  The magnetite may be due to exsolution of iron oxide from 
the K-feldspar. 
The only samples observed microscopically which do not belong 
to the host quartz monzonite stock are WP-1 and OC-1 which are 
from the volcanics west of the pit (Plate II).  WP-1 has a 
typically volcanic texture with large phenocrysts of plagioclase 
in an extremely fine-grained ground mass.  Because it is 
fine-grained and very altered, the only other identifiable 
minerals are chlorite and magnetite.  Relict outlines of what was 
once pyroxene and/or amphibole are present. 
45 
OC-1, which is in the volcanics and close to the quartz 
monzonite contact has been intensely sericitized and silicified 
and all the primary igneous minerals have been destroyed.  The 
only minerals now in this rock are very fine-grained sericite, 
muscovite, and quartz. This sample demonstrates the intensity of 
the hydrothermal alteration resulting from the emplacement of the 
quartz monzonite stock and proves that the intrusion is indeed 
younger than the volcanics as reported by Butler (1913) and Barosh 
(1960). 
Silicate Rock Alteration 
Alteration of silicate rocks by hydrothermal fluids are 
discussed in detail by Lowell and Guilbert (1970) and many others. 
As shown in Figure 9, concentric zones of alteration surrounding a 
central core zone are typically found. Each zone consists of a 
different mineral assemblage which reflects changing physical and 
chemical conditions of the fluids as they pass through the rock. 
It should be noted that inasmuch as the Lowell and Guilbert model 
in Figure 9 is only a generality compiled from many southwestern 
U.S. deposits, and because hydrothermal systems can be exceedingly 
complex phenomena, it is not uncommon that individual deposits 
have unique features and thus do not strictly follow any one 
model. The problem at hand then, is to analyze the 
alteration/mineralization features of the O.K. mine, consider 
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possible modes of origin, and to relate and compare these to the 
porphyry copper system in general. 
It is readily apparent from field and petrographic 
examination that the center of the alteration/mineralization at 
the O.K. deposit is a coarse-grained quartz core.  This was 
documented by Butler (1913) who collected most of his information 
from underground workings.  Inasmuch as the core is not exposed at 
present, its dimensions could not be determined, but, from a map 
of the old underground workings, it appears to be roughly 30 m in 
diameter.  Immediately surrounding the core occur rocks that have 
been highly sericitized and silicified. Examples of this 
alteration are at locations R-10.4, R-10.3, R-10.2, R-10.1, and 
R-9.1. 
Following the classification of Lowell and Guilbert, this 
alteration zone represents the phyllic zone.  The igneous feldspar 
has been entirely replaced by fine-grained mats of sericite (Fig. 
16).  Quartz has been added to the rock and a minor amount of 
chlorite is present.  Pyrite, which according to the model, is 
normally found in this zone, is absent at the O.K. deposit.  The 
quartz occurs as both dispersed grains among sericite masses, and 
as coarser grained vein material.  Sample R-9.1, which is about 90 
m from the core, represents the furthest extent of this 
alteration. 
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Figure 16.  Photomicrograph of sample R-9.1 showing mats of 
sericite replacing primary feldspar.  This is 
characteristic of phyllic alteration. 
28x crossed nicols. 
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Continuing away from the quartz core and up the pit ramp, the 
intensity of the alteration of the feldspars decreases sharply as 
evidenced by sample R-9.  The minerals replacing the feldspar are 
much too fine-grained to determine petrographically whether they 
are sericite or kaolinite/montmorillonite.  To aid in solving this 
problem, X-ray diffraction patterns were obtained so that the 
relative abundance of these minerals could be compared on the 
basis of their characteristic diffraction peaks.  It was 
determined that kaolinite is the major alteration product in all 
the feldspars starting at R-9 and continuing westward up the ramp. 
Exceptions were noted in R-8.8B, R-8.7, and R-4 and will be 
discussed later in this section. 
This appearance of kaolinite indicates that the argillic zone 
of alteration has been reached. However, it is known that 
feldspars may also alter to clay minerals by normal weathering 
processes.  But, inasmuch as some samples, e.g. IC-A and R-8 that 
have long been exposed at the surface and still have fresh 
pristine feldspars, and others, e.g. 33-30 and 13-150 from drill 
cuttings 61 m below the surface that have highly altered 
feldspars, it seems probable that hydrothermal fluids were 
responsible for the development of kaolinite from these feldspars. 
This, therefore, further substantiates that the argillic zone has 
been reached. 
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The outer limits of this argillic zone are not well defined. 
The transition between this zone and the propylitic zone is quite 
gradational especially with regard to differences in feldspar 
alteration.  Chlorite, too, is present in both zones.  The 
division between the argillic and the propylitic zones is, 
therefore, based on the first appearance of secondary calcite 
and/or epidote that is associated with a feldspar or amphibole. 
This occurs in sample R-8.4. The abundance of calcite and epidote 
begins to increase near R-8.2B and becomes even greater in the 
outer rocks of the OC series. The argillic zone, then, is roughly 
30 m wide between R-9 and R-8.4. 
In many of the R series samples, calcite is found as vein 
fillings and is present as coatings on cracks and joint surfaces. 
This occurrence of calcite is interpreted as the product of 
descending, carbonated, meteoric waters rather than as a 
hydrothermal product. Therefore, this occurrence of calcite was 
not used as a criterion to define the propylitic zone. 
The rocks of the OC and IC series have been propylitized and 
this propylitization of the quartz monzonite is also documented by 
Barosh (1960). The calcite and epidote which define this zone 
occur as small, anhedral grains either within or adjacent to 
plagioclase and/or amphibole. 
Figure 17 shows graphically the spatial relationships of the 
phyllic, argillic, and propylitic zones at the O.K. mine. 
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Figure 17.  Cross section showing the spatial relationships of the phyllic, argillic, and 
propylitic zones at the O.K. mine with respect to the quartz core. 
In this outer propylitic zone, and particularly in the rocks 
of the OC and IC series, the commonly observed mineral association 
of actinolite, chlorite, magnetite, plus or minus sphene, epidote, 
calcite, and biotite is probably an alteration product of either 
original hornblende or pyroxene (Fig. 18).  In fact, this 
association most likely represents two stages of alteration.  The 
original mineral, probably a hornblende, was broken down 
hydrothermally to actinolite and magnetite, with or without 
calcite and epidote.  Then, a second less intense alteration 
mechanism altered the actinolite to biotite, chlorite, and sphene. 
At some stage in the alteration process, the magnetite was 
oxidized to maghemite along its edges and parting surfaces. 
The final type of alteration to be discussed is that found in 
samples R-8.8B, R-8.7, R-5A, and R-4.  In hand specimen these 
rocks have a greenish color due to evenly distributed, very 
fine-grained patches of chlorite. The feldspars have been altered 
to very fine-grained sericite.  Interestingly, R-8.8B and R-8.7 
contain two of the three observed occurrences of disseminated 
chalcopyrite at the O.K. deposit. The only other occurrence was 
observed in sample R-8A. 
With the exception of R-8A, the most significant feature 
about these samples is that they are restricted to narrow veins. 
At R-5A, the green material was observed in the field to be only k 
cm wide following a fracture in the rocks (Fig. 19).  At R-4, a 
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Figure 18.  Photomicrograph of sample OC-5 showing actinolite 
(ACT) with magnetite (MAG), sphene (SPH), and 
chlorite (CHL). Also note fine-grained biotite 
(BIOT) in clusters with magnetite. 
28x plane polarized light. 
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Figure 19.  Parallel and crosscutting veins near R-5A which 
channeled fluids to chloritize and sericitize 
the rocks giving them a green color.  The thin 
white bands are material which have a higher 
sericite/chlorite ratio. 
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knife-edge contact exists between the green material and the 
altered quartz monzonite.  It was also observed that R-8.8B 
gradually grades into the less altered material at R-8.8A just .6 
m away.  The R-8.7 relationship was not noted.  It appears that 
these greenish rocks were produced by hydrothermal fluids that 
were restricted to fractures, and that the fluids did not 
penetrate very far into the wall rocks.  The intensity of 
alteration appears to be less than that of the highly sericitized 
rock near the core and greater than that of the less-altered 
material of the argillic and propylitic zones.  These rocks may 
represent a later episode of hydrothermal alteration which was 
more confined than an earlier, more pervasive episode. 
Approximately 600 m southeast of the quartz core of the O.K. 
deposit, lies the Beaver-Harrison mine. Mining development was 
very limited and consisted only of a short 60 to 90 m inclined 
shaft (U.G.M.S. mineral resources report, 1979).  Samples 0C-6A, 
0C-6B, and 0C-6C, all within 10 m of each other, are from a small 
road cut 75 m north of the Beaver-Harrison shaft.  These three 
samples are porphyritic and show signs of alteration similar to 
the rocks at the O.K.  0C-6B is the most intensely altered with 
the feldspars clearly altered to sericite.  The others contain 
sericite and/or kaolinite.  Zoning patterns were not discernable 
with just these samples. 
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Copper-Molybdenum Mineralization 
The O.K. deposit represents the only major known Cu-Mo 
mineralization within the quartz monzonite of the Beaver Lake 
Mountains.  Primary sulfide mineralization was relatively simple. 
Chalcopyrite is the only copper-bearing sulfide and molybdenite is 
the only other primary ore mineral found in concentration.  Pyrite 
is present but is relatively rare.  The mineralization is 
associated with the coarse-grained quartz core which, according to 
Butler (1913), was emplaced along an east-west fissure system. 
Few samples of ore material were collected in the field. 
Samples R-10.1, R-10.2, R-8.6A, and T-l contain chalcopyrite-laden 
quartz veins (Fig. 20).  BD-1 contains chalcopyrite along a joint 
surface but only with minor quartz. Samples T-2 and T-3 contain 
molybdenite disseminated in a quartz and feldspar gangue. Other 
pieces of debris of the coarse-grained quartz contain large grains 
and lenses of both chalcopyrite and molybdenite. Finely 
disseminated chalcopyrite was observed in minor amounts in samples 
R-8.8B, R-8.7, and R-8A of the O.K. deposit and in samples 0C-6A 
and 0C-6C of the Beaver-Harrison deposit. The only occurrence of 
pyrite at the O.K. deposit was along the mineralized joint surface 
of BD-1. The secondary minerals malachite, azurite, and 
chrysocolla are also present as stains and films. 
In thin section and in hand specimen, T-2 appears to have an 
aplitic texture and contains only medium- to fine-grained quartz 
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Figure 20.  Sample T-l showing a vein containing chalcopyrite 
and quartz.  Note the thin rusty-brown veinlets 
of limonite within the chalcopyrite.  Veinlets 
of green malachite are also present. 
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and potassium feldspar with disseminated molybdenite.  In hand 
specimen, this aplitic rock is in sharp contact with altered 
quartz monzonite.  This aplitic rock may represent the dike 
reported by Butler (1913) below the 122 m level of the O.K. mine. 
Butler thought the aplite dike may have been an earlier 
differentiate of the cooling magma which produced the quartz core. 
Because sampling was not extensive close to the quartz core 
at the O.K. mine, it is difficult to determine any definite trends 
in the ore mineral distribution, but some pertinent features can 
be noted.  Butler (1913) mentioned that most of the ore-grade 
material occurred in a concentrated pod of molybdenite and 
chalcopyrite at the 61 m level.  Aside from this, the ore was 
restricted to veins and veinlets as in R-10.1, R-10.2, R-8.6A, and 
BD-1 with minor disseminated ore close to the core.  The vein and 
disseminated ore distribution is analogous to that of porphyry 
copper deposits.  However, the concentrated pod of ore is a 
feature very unique to the O.K. deposit.  This raises the 
possibility that the mechanism of mineralization at the O.K. 
deposit was, in some way, different from that of a typical 
porphyry copper deposit. 
Oxidation processes at the O.K. mine, enhanced by the arid 
climate, 23 cm of annual rainfall (Barosh, 1960), and abundant 
fractures and joints, have affected the primary ore minerals, 
particularly the chalcopyrite.  A zone of supergene sulfide 
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enrichment, which occurs at or below the existing water table, was 
noted by Butler (1913) to contain secondary covellite and 
chalcocite.  This zone was not observed in this study. 
Secondary ore minerals observed either in the field or in 
polished section include malachite, azurite, chrysocolla, 
limonite, covellite, and cuprite. Malachite, the most abundant 
secondary mineral, coats many fracture and joint surfaces and 
occurs in veinlets.  Azurite and chrysocolla also appear as 
coatings. 
In almost all of the samples of chalcopyrite collected, thin 
veinlets of rusty-brown limonite and less commonly malachite, 
occur as oxidation products within the chalcopyrite (Fig. 20).  In 
polished section, the microscope reveals additional minerals. 
Figure 21 is a scanning electron micrograph which shows a limonite 
veinlet in chalcopyrite.  In the middle of the limonite veinlet, 
there is, in places, another vein running parallel to it.  This 
second interior veinlet was determined with the electron 
microprobe to be a copper oxide, probably cuprite.  A narrow zone 
between the limonite veinlet and the chalcopyrite has a very 
mottled appearance and consists of finely dispersed irregular 
grains of covellite.  This particular textural and mineralogical 
association is described by Ramdohr (1980) as a common oxidation 
phenomenon in chalcopyrite.  Element maps from the electron 
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Figure 21.  Scanning electron micrograph of sample T-l 
showing a limonite veinlet in chalcopyrite. 
325x. 
A = Chalcopyrite      C = Limonite 
B = Covellite        D = Cuprite? 
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raicroprobe are shown in Figure 22.  These highlight the different 
minerals according to the elements they contain. 
The type of chalcopyrite oxidation shown in Figure 20 occurs 
when pyrite is not abundant. Without pyrite, the strong oxidizing 
agents sulfuric acid and ferric sulfate are not produced (Jensen 
and Bateman, 1979).  These agents form from the weathering of 
pyrite and are capable of dissolving the less soluble copper 
sulfides (Titley, 1982-B).  If these agents are present, they will 
become enriched in Cu while descending through the host rock until 
they reach the water table. At this point, they will precipitate 
metal sulfides to enrich the primary ores.  If pyrite is rare in 
the near-surface host rocks, as is the case with the rocks of the 
O.K. deposit, most of the copper of the chalcopyrite will not be 
dissolved and transported and the chalcopyrite will be oxidized to 
limonite plus covellite.  Thus, because of the initial lack of 
pyrite, the supergene enrichment zone at the O.K. mine is probably 
not well developed. 
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Figure 22-A.  Copper Ka  325x. 
Figure 22-B. 
Figures 22. 
Iron Ka 325x. 
Electron microprobe element maps of the 
limonite veinlet shown in Figure 21.  Light 
areas indicate an abundance of the element. 
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STRUCTURE 
The structure of this southwestern part of the Beaver Lake 
Mountains is that of a stock invading slightly older Tertiary 
volcanics as shown by Barosh (I960) in Figure 23.  Structural 
inhomogeneities near the O.K. mine include dikes, a quartz pod, 
joints, and faults which are believed part of a fissure system 
that was described by Butler (1913). 
One dike was observed in the field which intersected the 
north wall of the pit and from which sample BD-1 was obtained 
(Fig. lA).  This dike is either pre- or syn-mineralization 
inasmuch as several joint surfaces are coated with chalcopyrite. 
By petrographic evidence, the dike is believed to extend to 
locations OC-8 and IC-2 along a NNE trending line.  Based only on 
petrographic evidence, a second, parallel dike may connect 
locations IC-4 and R-8, and due to its relatively unaltered state, 
it may be a post-alteration dike. 
An east-west fissure system was noted by Butler (1913) and 
Barosh (I960) which provided the plane of weakness and channelways 
through which silica- and metal-bearing fluids were introduced 
which subsequently precipitated the quartz core and altered and 
mineralized the adjacent wall rocks.  This fissure system is 
represented in the field by slickensidtd fault surfaces noted at 
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Figure 23.  Structure section showing the relationship of 
the quartz monzonite intrusion with the older 
volcanics.  (See Figure 3 for location of 
A-A'; from Barosh, 1960). 
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several locations along the ramp of the O.K. pit.  These faults 
are shown on the underground map of the mine in Plate III. 
Strike and dip readings of numerous planar surfaces were 
acquired and a contour map of the poles to these planes appears in 
Figure 24.  The concentration of poles in the southwest quadrant 
of Figure 24 represents mainly slickensided planar surfaces along 
the pit ramp.  The plane with a pole perpendicular to the 
concentration peak has an orientation of roughly N46W 68N.  As 
shown on the underground workings of Plate III, this strike and 
dip is representative of the local fault system and is reasonably 
close to the more regional N80W 60 - 65N fissure system described 
by Butler (1913).  Small, less well defined concentrations appear 
in Figure 24 which represent joint patterns in the host quartz 
monzonite. 
Butler (1913) reported that the core was brecciated. 
However, this could not be verified in the field because of the 
debris cover. 
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Figure 24.  Contoured stereographic plot showing the 
concentration of poles to planar surfaces 
in the O.K. mine host rock. 
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GEOCHEMISTRY 
Geochemical data were collected so that trends in elemental 
concentrations could be delineated.  Such trends might be related 
to alteration and mineralization patterns and thus permit a better 
understanding of the processes responsible for this deposit.  The 
samples used for geochemical analysis were drill cuttings of 
horizontal holes at the 61 m level which were drilled to assess 
the O.K. deposit in the 1950's.  Samples were spaced at either 3 
or 15 m (10 or 50 foot) intervals along nine different holes. 
Sample locations are given on Plate III.  Samples collected in the 
field were also analyzed. 
The geochemical data were acquired by X-ray fluorescence 
spectroscopy (XRF) using a Philips Automated AXS X-ray Wavelength 
Spectrometer.  Ten major elements, namely, Si, Al, Fe, Mg, K, Na, 
Ca, Ti, P, and Mn were determined.  Sample preparation involved 
powdering the drill cuttings in a tungsten carbide Spex mill until 
they passed through a 74 micron screen.  The powders were then 
fused into glass disks using lithium tetraborate as a flux with a 
flux to sample ratio of 6:1.  The fusion process required placing 
9.00 grams of the flux-sample mixture into a platinum-gold alloy 
crucible which was then placed in a furnace for 20 minutes at 
1100°C.  After 10 minutes in the furnace, the now molten sample 
was briefly removed and swirled to enhance homogeneity.  After 20 
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minutes, the sample was poured into a 30 mm diameter casting dish 
to quench and form a glass bead. The surface that was to be 
analyzed was then made flat by using a grinding wheel and 122 
micron silicon carbide abrasive.  The sample was then ready for 
X-ray analysis. 
Sixty-five glass disks were made and each was analyzed for 
the ten major elements.  Copper values had already been determined 
by the consultants who evaluated the mine in the 1950's.  The 
U.S.G.S. G-2 series of rock standards was used in making the 
calibration curves for the analyses.  The concentrations are 
expressed in weight percent of oxide of the element and these data 
are tabulated in Appendix 1.  Inasmuch as only six standards were 
available for use in the calibration curve, and inasmuch as Si is 
relatively high in concentration, the accuracy of the numbers for 
Si was limited.  The numbers show well the trends in Si abundance 
but these numbers may range in either direction by as much as four 
percent of the number listed (i.e. 65± 2.60%). The accuracy of 
the other elemental abundances are within two percent of the 
number listed.  Contour maps of the concentrations of five 
elements plus water are plotted on separate maps of the 
underground workings and appear in Appendix II. 
Very distinct trends appear in the plots of K, Na, Ca, and 
Si.  Trends in the other elements are either very weak or absent. 
As is evident in Appendix I, copper is especially erratic. 
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The contoured plots of K, Na, Ca, and Si have an elongate, 
oval pattern which roughly parallels the long, east-west axis of 
the underground workings and present open pit. A strong, well 
defined K high is found at the center of its contour map with 
concentrations decreasing away from the workings out into the 
stock.  The highest concentrations of K are adjacent to the quartz 
core.  The Si concentrations coincide with the K concentrations in 
that it is high at the center of the map and decreases outward. 
Na and Ca also have well defined patterns but are inversely 
related to the K and Si concentrations.  These two elements are 
low at the center of their patterns and increase outward into the 
wall rock. 
The increase in K and corresponding decrease in Na and Ca 
reflects an increase in the amount of K-feldspar relative to 
plagioclase and/or the development of sericite at the expense of 
feldspar minerals.  This K-enrichment is expected in the rocks 
close to the center of the alteration where the potassic and 
phyllic zones are developed (Lowell and Guilbert, 1970).  By 
petrographic analysis, this high K concentration at the O.K. mine 
corresponds to the phyllic alteration zone.  Correspondingly, Ca 
has been leached from these inner zones and was returned to the 
rocks thus defining the propylitic zone of alteration. 
The increase in Si can be accounted for by the silicification 
of the host rock by the silica-rich aqueous fluids responsible for 
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the quartz core.  These fluids must also have been high in K to 
account for the K-enrichment. 
It is interesting to note that, as shown on the underground 
maps in Appendix II, a series of faults exist which run 
approximately parallel to the direction of the elongated elemental 
contour lines.  It is reasonable to conclude that this series of 
faults provided the channelways through which the hydrothermal 
fluids traveled.  This supports Butler's conclusion that an almost 
east-west trending fissure system guided the ore-bearing fluids. 
The water content of the rocks was determined approximately 
as the loss in weight during fusion even though very minor amounts 
of Na, S, and C0„ may also have been lost.  The water content 
should be a good indicator of the relative intensity of 
hydrothermal alteration.  The rocks with the highest water content 
also parallel the fault system again indicating that this fault 
system channeled the hydrothermal fluids responsible for the 
deposit. 
The Mg contour map shows the same east-west elongation with a 
central low but due to the overall low concentration of Mg, the 
trend is not sharply defined.  The concentrations of Ti, Mn, and P 
were too low to display any meaningful trends.  The concentrations 
of Fe and particularly Cu were quite erratic in their 
distributions. This may reflect the fact that most of the heavy 
metals are concentrated in veins rather than more evenly 
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distributed as disseminations.  Therefore, if a drill cutting 
happened to intersect a sulfide vein, its metal content would be 
anomalously high whereas adjoining samples would be relatively 
low. 
An interesting feature is shown by samples 32-80 and 33-90. 
At these locations, K and Si contents are relatively high and Na 
and Ca are low when compared with the adjacent rocks.  The Cu 
content is also relatively high. A line connecting these two 
samples trends roughly NE and if continued, would pass next to the 
quartz core.  This may be evidence for a copper-rich aplite dike 
similar to the one Butler noted at the bottom of the underground 
workings. 
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FLUID INCLUSIONS 
Inasmuch as the O.K. and Beaver-Harrison deposits are of 
hydrothermal origin, fluid inclusions were sought and found to be 
abundant.  Although accurate quantitative data were not obtained, 
significant qualitative information about the ore-depositing 
fluids was discovered through a study of the fluid inclusions in 
quartz. 
The samples analyzed include R-10.1, R-10.2, R-8.6A, T-5, and 
T-6 of the O.K. deposit and 0C-6D of the Beaver-Harrison deposit. 
All of these contain coarse-grained quartz and the R samples 
contain chalcopyrite as well.  Because T-5 and T-6 were found at 
the bottom of the O.K. pit along with other boulders of massive 
quartz, it is reasonable to assume that they are from the quartz 
core. 
Sample preparation involved making approximately 1 mm thick, 
doubly polished sections of each sample.  The section was then 
removed from the glass slide on which it was polished and broken 
into pieces to fit the sample chamber of the fluid inclusion 
heating stage.  Quantitative analyses were made on a MECA stage 
made by R. Chaix in France. 
J.T. Nash (1976) summarized fluid inclusion data from 
thirty-seven porphyry copper deposits and found that four types of 
inclusions were common to most of the deposits.  These are:  1) 
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Moderate Salinity, Type 1; 2) Gas-rich, Type 2; 3) Halite-bearing, 
Type 3; and 4) C0„-rich, Type h.    The reader is referred to this 
paper for the characteristics and significance of each type. 
In doing any work with fluid inclusions, one must be able to 
distinguish between primary and secondary inclusions.  Primary 
inclusions are those which formed simultaneously with the 
enclosing crystal (Roedder, 1962), and are characterized by being 
relatively large and isolated rather than oriented or associated 
with other inclusions (Roedder, 1979).  Secondary inclusions form 
after crystallization of the entrapping grain and are commonly 
oriented along annealed grain boundaries and cracks.  In the 
samples from the O.K. mine, the inclusions are predominately 
secondary. 
Qualitative Results 
All of the samples contained inclusions which are believed to 
be of the Type 1 variety.  These inclusions contained a gas bubble 
which occupied 20 to 30 percent of the inclusion volume. 
Interestingly, in R-10.1, several secondary inclusions contained 
opaque daughter minerals which, according to Nash (1976), are not 
uncommon.  Based on the associated ore minerals of the O.K. 
deposit, these opaques are probably either magnetite, 
chalcopyrite, or pyrite.  The presence of these ore minerals in 
secondary inclusions is significant because it indicates that 
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either primary tnagmatic fluids were not responsible for the 
mineralization, or more likely that there was more than one 
episode of mineralization. 
Gas-rich inclusions were seen in R-10.1, T-5, T-6, and 0C-6D 
(Fig. 25-A).  The co-existence of these inclusions with 
liquid-rich Type 1 inclusions indicates that the liquids were 
boiling at the time of entrapment (Nash, 1976; Roedder, 1979). 
This is significant inasmuch as it is known that boiling can cause 
ore deposition (Barton and Toulmin, 1961; Roedder, 1979.) 
Halite-bearing inclusions of 0C-6D and R-10.1 (Fig. 25-B), in 
association with gas-rich inclusions is reported by Nash (1976) to 
be characteristic of epizonal intrusions which are the most common 
type of host for porphyry copper deposits.  The presence of halite 
is also significant since it means that the fluids were saline and 
that the chloride ion was present in abundance. The chloride ion 
is important because of its ability to form complexes with Cu and 
other metal ions.  It is usually considered to be the principal 
mechanism by which metals are transported in solution until 
conditions change and metals are precipitated. The importance of 
saline brines in the formation of base-metal deposits is becoming 
increasingly recognized (White, 1968).  Their affect on feldspars 
was studied by Koelmel (1978) who reported that a characteristic 
feature of plagioclase which was subjected to such solutions is a 
reversal of the orientation of the twin lamellae along a thin 
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Figure 25-A.  Photomicrograph of sample T-6 showing a primary 
gas-rich inclusion with an opaque daughter 
mineral in quartz. 
400x plane polarized light. 
75 
3*--'. Fat*™ r > 
,5!   ' 
Figure 25-B.  Photomicrograph of sample R-10.1 showing a primary 
fluid inclusion containing a halite cube in 
quartz. 
400x plane polarized light. 
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border zone.  A natural example of such a rim is shown in Figure 
26 which is a photomicrograph of a plagioclase grain in sample 
OC-9.  Other similar border zones of plagioclase were seen in 
other samples. 
Quantitative Results 
Using the fluid inclusion or "heating" stage, the temperature 
at which the ore-bearing fluids were trapped, referred to as the 
filling temperature, can be determined.  To be able to draw 
statistically sound conclusions from filling temperature data, 
tens of inclusions from each sample should be analyzed. 
Unfortunately, primary inclusions were quite rare in the samples 
used in this study.  Also, the presence of gas-rich inclusions 
invalidates filling temperature readings for reasons discussed by 
Roedder (1979).  These gas-rich inclusions of the O.K. and 
Beaver-Harrison deposits had filling-temperatures of over 350°C. 
After these considerations, reliable filling temperatures for 
only four primary inclusions were obtained and those are listed in 
Table 2.  The temperatures ranged from roughly 250 to 350°C. 
These are well within the temperature range for hydrothermal 
fluids in a typical porphyry copper deposit. Nash (1976) states 
that in most porphyry copper deposits, fluid inclusion 
temperatures in quartz-sulfide veins range from 250 to 500°C. 
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Figure 26.  Photomicrograph of sample OC-9 showing twin 
reversals at the edge of a plagioclase grain, 
These reversals suggest that saline brines 
were once present. 
200x crossed nicols. 
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Filling 
Sample   Inclusion Description Temperature (°C) 
R-10.1   Primary; Gas-rich, Halite-bearing, 
and Moderate salinity. >350 
Secondary; Oriented with others along 
seams, contain opaque 
daughter minerals. 183.3 
Secondary; Oriented. 186.A 
R-10.2   Primary; Moderate salinity. 298.2 
Primary; Moderate salinity. 274.9 
Secondary; Oriented, relatively small. 192.7 
Secondary; Oriented along seams. 150.1 
R-8.6A   Primary; Modernate salinity. 252.6 
Primary; Moderate salinity, relatively large.  261.3 
Secondary; Oriented along seams. 154.7 
T1^      Primary; Gas-rich. >350 
Secondary; Oriented along seams. 180.5 
Secondary; Oriented along seams. 184.2 
T-6      Primary; Moderate salinity, relatively large.  318.6 
Primary; Gas-rich. >350 
Primary; Moderate salinity. 326.0 
Secondary; Oriented along seams. 183.4 
0C-6D    Primary; Gas-rich and Halite-bearing >350 
Secondary; Oriented along seams. 187.2 
Secondary; Oriented along seams. 183.6 
Table 2.  Tabulation of quantitative fluid inclusion data. 
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Filling temperatures for secondary inclusions were determined 
to be in the range of 140 to 190°C.  Their significance with 
respect to the overall ore-forming process is not certain but they 
do indicate the existence of more than one episode of fluid 
transport and may be responsible in part for the mineralization at 
the O.K. mine as evidenced by the daughter minerals in R-10.1. 
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DISCUSSION AND CONCLUSIONS 
The alteration pattern in the quartz monzonite host rock at 
the O.K. mine strongly resembles that observed in hydrothermally 
derived porphyry copper deposits (compare Figs. 9 and 17). 
Phyllic alteration, characterized by the alteration of feldspar to 
sericite and the addition of quartz, surrounds the quartz core at 
the deposit. The next zone of alteration outward from the core is 
the argillic zone which is characterized by the occurrence of 
kaolinite and/or montmorillonite.  In these two inner zones 
(phyllic and argillic), there has been substantial K-enrichment 
and Ca-leaching.  The Ca lost from these zones is returned to the 
host rocks in the form of calcite and epidote in the outermost 
zone from the center of alteration which is known as the 
propylitic zone. 
The mechanism by which the rocks are altered involves 
hydrothermal fluids which invade the intrusive stock and cause 
substantial ion metasomatism.  It is generally held that in most 
cases, meteoric and magmatic waters are involved (Rose, 1970). 
From field and geochemical relationships in the O.K. deposit, it 
is apparent that hydrothermal fluids related to the formation of 
the quartz core permeated the quartz monzonite along an east-west 
fissure system and altered the host rocks.  Inasmuch as it is 
concluded that these fluids precipitated the quartz core and 
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associated ore minerals, they are dominantly waters of magmatic 
origin which were channeled along this fissure system. 
By examining the cooling history of the hydrothermal fluids, 
the alteration patterns in the silicate rocks can be explained.  A 
genetic model based on the decreasing temperature of these fluids 
outward from the core can be discussed in terms of the system K„0 
- A120„ - SiO„ - H.O by delineating the stability relationships 
between K-feldspar, muscovite, and kaolinite (Fig. 27) (Beane, 
1982). 
In general, inasmuch as the hydrothermal fluids responsible 
for the rock alteration are dominantly magmatic in origin, they 
are initially in equilibrium with igneous K-feldspar and will be 
approximately at point X in Figure 27 (Beane, 1982). As the 
fluids travel outward from their source, they will decrease in 
temperature and progressively pass through the stability fields of 
muscovite and kaolinite approximately following line X-X'.  This 
explains the spatial relationships between the potassic, phyllic, 
and argillic zones in Figure 9, and the phyllic and argillic zones 
in Figure 17 at increasing distance from the heat source. 
In the O.K. deposit, however, no potassic zone is present. 
Its absence can be explained by at least two possibilities. 
Firstly, Titley (1982-B) mentions that the phyllic assemblage 
forms late in the alteration process and may destroy or mask 
previously formed mineral assemblages like that of the potassic 
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(ORTHOCLASEYMICROCLINE) 
Figure 27.  Mineral stability relations as a function of 
temperature and cation activity ratios in a 
co-existing aqueous phase (from Beane, 1982). 
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zone near the center of the alteration.  The propylitic zone is 
still present at greater distance and advances toward the core 
with time. 
A second possibility is that the fluids at the O.K. deposit 
were never hot enough to be in equilibrium with igneous 
K-feldspar.  As suggested earlier, it is believed that the fluids 
have traveled for some distance from their source along the 
fissure system described and thus were allowed to cool below the 
stability field for K-feldspar.  However, fluid inclusion evidence 
indicates that, at the time of precipitation of the quartz core, 
the fluids were boiling and thus were still hot enough so 
that K-feldspar could be a stable phase (Hemley, 1959). 
Therefore, a masking of the potassic zone by a later forming 
phyllic assemblage is a more likely explanation for the lack of a 
potassic zone than is a substantial cooling of the magmatic fluids 
by transport away from the heat source. 
The fact that the fluids responsible for the O.K. deposit 
have traveled some distance from their source raises the question 
of possible genetic differences between this deposit and typical 
porphyry copper deposits.  The standard genetic model for rock 
alteration associated with porphyry copper deposits is one in 
which a siliceous magma cools and solidifies to expel waters that 
travel from the hot, central core outward into the adjacent, 
earlier crystallized portions of the intrusion to alter the rocks 
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into the zonal patterns discussed. However, in the O.K. deposit, 
it appears from field evidence that the quartz core is not the 
center of a cooling magma even though it is the center of the 
alteration.  The core and associated ore minerals were 
precipitated from hydrothermal fluids that traveled vertically and 
laterally some undetermined distance along a fissure system. 
Therefore, the fluids responsible for the alteration and 
mineralization of the O.K. quartz monzonite and the environment in 
which this took place are not completely analogous to those of a 
porphyry copper system. The fluids are probably niagmatic, but 
they were introduced into the already solidified rocks perhaps by 
a pressure-induced blowout from a deep, cooling magma.  This, too, 
may be the situation at the Beaver-Harrison mine.  It is 
reasonable to assume that this cooling magma was the source for 
the metals carried by the fluids and may itself contain ore 
concentrations (A.V. Heyl, personal communication, 1982). 
The fact that the aerial extent of the O.K. deposit is 
relatively very small and that the ore mineralization was highly 
concentrated in a quartz-rich pod rather than as low-grade 
disseminations and veinlets as in a porphyry copper deposit may 
best be attributed to this different mode of emplacement. 
Siliceous and ore-bearing fluids traveled along the fissure until 
conditions become favorable for precipitation.  This would include 
decreasing the pressure and temperature of the geothermal system 
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which would thereby decrease the solubility of the quartz and 
metal ions.  Mechanisms by which this could happen include 
reducing the pressure of the system by venting gases through 
fracture systems and cooling the hydrothermal fluids by mixing 
them with meteoric waters. The volume of fluids, however, did not 
permit the formation of a deposit to the same scale as that of a 
typical porphyry copper. 
Another unusual feature of the sulfide mineralization at the 
O.K. deposit is the lack of pyrite in the rocks relative to that 
in porphyry copper deposits.  Upon the introduction of 
hydrothermal fluids, pyrite will usually form from the 
sulfurization of Fe extracted from igneous biotite and, therefore, 
be spatially associated with the biotite (Beane, 1982).  However, 
at the O.K. deposit, magnetite is present and intergrown with the 
biotite (and actinolite) so the lack of pyrite can not be due to a 
lack of Fe in the igneous minerals.  In fact, quantitative 
electron microprobe data which are tabulated in Table 3, show that 
the biotite associated with magnetite has a significantly lower 
FeO:MgO ratio than biotite that is not.  This indicates that the 
Fe in the magnetite was probably derived from the biotite.  The 
lack of pyrite is, therefore, probably a reflection of the 
existing S„ and 0„ fugacities at the time of formation.  The 
fugacities must have been such that magnetite was the stable 
phase. 
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Biotite spatially  Biotite not      Weight-percent Ratio 
associated with    associated with    _ _   w _ „„/,,„ 
v,   ..... »,   ..... FeO   MgO FeO/MgO Magnetite Magnetite _ _ 
X      17.16     14.68 1.17 
X      16.68     14.86 1.12 
X      17.20     15.A5 1.11 
X     16.69    14.91 1.12 
X      18.34     13.64 1.34 
X     18.10    12.54 1.44 
X      17.66     14.59 1.21 
X      18.75     13.21 1.42 
Table 3.  FeO and MgO values of biotite grains in sample 
R-8.6B.  The biotite that is spatially associated 
with magnetite has a significantly lower FeO:MgO 
ratio suggesting that the magnetite extracted 
Fe from the biotite as it formed 
87 
From fluid inclusion work it was determined that the 
hydrothermal fluids responsible for the O.K. deposit had many 
characteristics similar to those of porphyry copper deposits. 
They were boiling during the precipitation of the core as 
indicated by the presence of gas-rich inclusions (Nash, 1976; 
Roedder, 1979), and they were hypersaline which is thought to be a 
critical factor in base-metal transportation.  This boiling may 
well be a major factor responsible for the deposition of ore 
minerals at the O.K. deposit.  As discussed by Barton and Toulmin 
(1961), if the pressure on a liquid is reduced below its vapor 
pressure - which could well have been the case with the liquids 
involved at the O.K. deposit as they traveled along the fissure 
system - boiling will occur which will subsequently cool the 
fluids and result in mineral precipitation. 
In summary, the O.K. deposit has many physical features that 
are similar to porphyry copper deposits.  These include the style 
of silicate wall rock alteration; a quartz monzonite host rock; 
copper and molybdenum mineralization; and vestiges of boiling and 
saline, hydrothermal fluids.  These similarities can be attributed 
to the fact that both the O.K. deposit and porphyry copper deposits 
were formed from hydrothermal fluids.  However, the origin of the 
hydrothermal fluids and the environment of formation of the O.K. 
deposit has resulted in the development of several unique 
features.  These include the small aerial extent of the deposit; 
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the concentration of the ore minerals in a relatively small pod; 
the presence of a chimney-shaped quartz core; the absence of a 
potassic zone of alteration; and a paucity of pyrite.  Therefore, 
although the O.K. deposit has features which resemble a typical 
porphyry copper deposit, it is genetically discrete from them. 
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APPENDIX I 
Major element analyses of drill cuttings from the 61 m 
(200 foot) level of the O.K. mine. 
For index map of the sample locations, see Plate III.  The 
first number of the sample location is the number of the 
horizontal drill hole from which the sample was taken.  The 
second number is the footage along the hole. 
The elements are listed as weight-percent oxide.  "LOI" is 
the Loss On Ignition.  This is the loss in weight of the sample 
on fusion into a glass bead.  It is predominately H90 with 
minor amounts of Na, S, and C0„. 
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OXIDK SAMPLF, IDENTrPICATION 
33-5 33-10 33-20 33-30 33-40 33-50 33-60 33-70 33-80 33-90 
Sic>> 69.47 67.57 66.06 68.34 65.66 65.54 65.06 64 .18 65.13 68.09 
AI2O3 14.17 15.29 14.91 15 .18 15.50 15.05 15.33 15.48 15.35 14.80 
Te203 3.41 3.51 4.52 3.90 3.75 4.21 3.72 4.11 4.22 3.48 
MgO 1.06 1.48 1.49 1.40 1.44 1.39 1.27 1.26 1.3*1 1.21 
K2O 4.88 5.02 4.89 4.62 4.39 4.68 4.46 4.23 4.16 5.35 
Nil 20 1.73 2.54 2.02 2.22 2.74 2.11 3.21 2.88 2.64 1.69 
CaO .42 .46 .40 .51 1.48 .73 2.51 2.44 2.14 1.73 
'I'j On .48 .48 .44 .44 .63 .58 .66 .64 .65 .60 
P2O5 .15 .14 .15 .14 .15 .14 .15 .16 .15 .15 
MnO .03 .03 .03 .03 .03 .02 .06 .04 .04 .02 
Cu .56 .30 .96 .17 .28 .31 .16 .05 .13 .47 
I/JI 3.96 3.64 3.50 3.51 3.74 3.53 3.52 3.69 3.19 3.18 
TO'J'AL 100.32 100.46 99.37 100.46 99.79 98.29 100.11 99.16 99.11 100.77 
33-100  33-110  33-120  33-130  33-140 
Si02 
AI2O3 
Pe2Oj 
MgO 
K20 
Nn20 
CaO 
Ti O2 
P2O5 
MnO 
Cu 
\Ol  
TOT Ah 
67.08 
14.61 
.27 
,13 
.58 
.38 
1.75 
.46 
.14 
.04 
.27 
3.03 
64.10 
15.20 
3.38 
1.26 
4.29 
2.27 
2.82 
.46 
.13 
.04 
.09 
3.13 
66.70 
14.75 
3.87 
1.49 
4.03 
1.80 
1.47 
.54 
.16 
.02 
.12 
3.22 
65.04 
15.27 
3.72 
1.32 
4.15 
2.88 
2.26 
.52 
.18 
.04 
.17 
3.40 
63.97 
14.75 
16 
32 
02 
83 
65 
52 
18 
04 
17 
40 
98.74 97.17 98.17 99.01 99.01 
o.xruK SAMPLE IDENTIFICATION 
UJ 
32-5 32-10 32-20 32-30 32-40 32-50 32-60 32-70 32-80 32-90 
Sio^ 65.74 65.86 64.22 65.47 64 .68 64.81 64.59 64 . 14 66.83 64.76 
AI2O3 15.44 15.29 14.48 15.41 15.32 15.82 15.69 15.53 15.20 15.40 
KG2OJ 3.60 4.12 6.00 4.66 4.23 3.74 4.05 4.40 3.18 3.95 
MyO 1.54 1.54 1.36 1.54 1.37 1.31 1.41 1.46 1.33 1.41 
K20 4.74  ' 4.63 4.04 4.06 4.01 4.01 4.01 4.14 5.09 3.92 
Na20 2.81 2.72 2.57 2.66 2.98 2.94 3.33 3.17 2.89 3.36 
CrlO .60 .78 1.13 1.47 2.22 2.39 2.85 2.16 1.15 2.33 
Tia2 .50 .51 .46 .54 .53 .48 .50 .53 .48 .56 
1'205 .16 .17 .16 .17 .13 .12 .2.1 .16 .16 .17 
M11O .02 .05 .02 .04 .03 .04 .05 .04 .04 .06 
Cu .10 .08 1.39 .09 .11 .11 .07 .10 .37 .24 
LOI 3.98 3.62 3.64 3.68 3.57 3.40 2.94 2.91 2.60 2.14 
TOTAL, 99.23 99.37 99.79 99.79 99.18 99.17 99.70 98.74 99.32 98.57      " 
32-100     32-110     32-120     32-130 27- 27-50 
Si02 
A1203 
Po2°3 
McjO 
K?.o 
N<120 
C.iO 
TiOT 
P2O5 
MMO 
Cu 
J/1 I  
TOTAL 
64.20 
15.56 
4.30 
1.53 
95 
11 
94 
57 
22 
04 
23 
43 
63.82 
15.45 
4.36 
1.85 
3.67 
.18 
.34 
,61 
,18 
,04 
.12 
,46 
63.20 
15.26 
5.97 
1.72 
3.53 
3.26 
3.55 
.58 
.20 
.05 
.12 
.2.49 
63.81 
15.32 
5.29 
1.64 
3.66 
3.30 
3.47 
.59 
.18 
.05 
.10 
2.32 
64.04 63.78 
15.66 15.69 
4.12 4.32 
1.50 1.38 
3.91 4.04 
3.08 3.16 
2.95 2.96 
.52 .50 
.15 .13 
.03 .03 
.09 .08 
3.82  3.28 
99.08       99.08 99.93 99.73 99.87 99.35 
OX TDK SAMPLE  IDENTIFICATION 
10 
26-5 26-10 26-20 26-30 26-40 26-50 26-60 26-70 26-80 26-90 
Si.02 72.09 66.95 65.12 65.94 67.06 65.60 64.50 65.25 67.11 64.28 
AJL203 13.35 15.13 15.66 15.11 14.89 15.20 14.97 14.96 14.83 14.66 
FC203 1.11 1.86 2.90 3.64 3.91 3.79 4.43 3.62 3.69 3.40 
MyO 
.26 .46 .85 1.36 1.42 1.42 1.46 1.26 1.39 1.37 
K20 7.39 9.21 8.58 5.25 4.81 4.69 4.97 4.81 4.52 4.70 
Na20 .80 .56 1.18 1.95 2.36 2.44 2.18 2.19 1.92 1.94 
CnO .08 .15 .33 1.64 1.10 1.02 .80 1.39 .57 1.57 
Ti02 .60 .55 .56 .52 .73 .50 .72 .49 .47 .57 
P205 .10 .12 .18 .14 .14 .14 .15 .14 .15 .15 
M11O 
.05 .07 .06 .03 .04 .06 .03 .02 .02 .04 
Cu .07 .51 .66 .15 .15 .09 .30 .09 .07 .08 
LOI 4.39 4.48 3.92 3.28 3.08 3.17 3.56 3.88 3.78 4.67 
'TOTAL 100.29 100.05 100.00 99.01 99.69 98.12 98.07 98.10 98.52 97.43 
26-100  26-110  26-120  26-130 25- 25-50  25-100  25-130 
Si02 65.15 64.33 65.07 65.70 68 .69 66 .63 64.74 63.60 
AI2O3 14.56 14.93 14.81 14.78 14 .74 14 .63 15.30 15.10 
Fe2Oj 3.54 3.33 3.44 3.39 2 .29 2 .91 4.70 4.72 
MyO 1.48 1.34 1.49 1.42 .79 .73 1.26 1.25 
K20 3.84 4.53 4.99 5.11 7. .47 6 .45 4.39 4.62 
Na20 1.24 2.38 2.32 1.84 .52 .91 3.13 2.92 
CaO 2.90 1.30 1.44 2.36 .33 .30 1.79 1.99 
TiOo .56 .5.1 .52 .47 .61 .55 .50 .49 
P205 .17 .14 .14 .13 .17 .13 .14 .15 
MnO .03 .03 .03 .06 .02 .01 .02 .03 
Cu .09 — — .09 .74 .86 .05 .12 
IvDI 4.53 4.38 3.88 4.02 4 .23 3 .98 3.43 3.03 
TOTAL 98.09 97.20 98.13 99. 37 100.60 98 .09 99.45 98.02 
OXIDE SAMPLE  IDENTIFICATION 
40-10 40-50 20-5 20-50 20-110 14-5 14-30 
Si02 69.98 68.34 67.92 66.27 66.74 64.38 64.93 
A1203 13.93 15.36 14.53 14.60 15.36 15.39 15.69 
V-U2Q3 2.01 3.36 2.56 3.88 4.41 4.67 4.99 
MgO .98 1.23 .94 1.36 1.45 1.57 1.70 
K2O 6.64 4.52 6.72 4.05 4.48 4.35 4.28 
Nn20 .76 2.54 .50 1.90 2.52 2.54 2.64 
CaO .26 .96 .26 1.17 2.30 .75 .73 
T.LO2 .47 .48 .45 .53 .50 .59 .55 
1'205 .14 .14 .15 .15 .15 .17 .16 
MnO .01 .02 .02 .03 .04 .03 .03 
Cu .23 .18 .66 .23 .33 .72 .50 
LOI 3.83 3.39 4.18 3.97 3.19 2.93 2.83 
TOTAL 99.24 100.53 98.89 98.14 10.1.47 98.09 99.03 
13-5 13-50       13-100     13-150     13-180 
sio2 63.66 62.54 63.51 63.02 63.23 
A1203 15.77 15.49 15.77 15.4 3 15.42 
l'o203 4.63 4.77 5.25 5.25 5.26 
MyO 1.56 1.92 1.75 1.61 1.78 
K20 3.84 3.69 3.81 3.75 3.65 
Nil 20 3.55 2.61 3.90 3.74 3.70 
C.iO 4.31 4.17 3.62 3.68 3.77 
Ti02 .36 .70 .5.1 .69 .72 
P205 .20 .20 .19 .18 .18 
MnO .04 .04 .04 .04 .04 
Cu .06 .06 .13 .09 .06 
LOI 1.85 1.77 1.42 1.65 1.78 
R-9.1        R-8.8B     OC-4 
71.40 
13.03 
4.21 
14.71       14.67 
4.06 1.64 
OC-9 
67.56       67.61       66.18 
14.75 
2.29 4.48 4.05 3.98 
.81 1.50 1.13 1.35 
6.47 2.88 4.58 4.04 
.29 2.07 3.02 3.39 
.22 .40 2.06 2.41 
.46 .61 .50 .56 
.20 .19 .17 .19 
.02 .01 .03 .03 
1.75 
TOTAL 99.83 98.06 99.90       99.13 99.59 99.40 98.47       99.46       98.63 
APPENDIX II 
Contour maps of elemental concentrations at the 61 m 
(200 foot) level of the O.K. mine. 
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MAP SHOWING SAMPLE LOCATIONS ALONG THE PIT RAMP OF THE O.K. MINE 
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MAP OF THE UNDERGROUND WORKINGS AT THE 6 I m (200 foot) LEVEL OF 
THE O.K. MINE SHOWING SAMPLE LOCATIONS AND LOCAL FAULTS , AMn 
I A ARE THE SAMPLE LOCATiONS   REFERRED TO IN TABLE L l", 
FOR THE POS,T,ON OF THE QUARTZ    CORE W!TH RESPECT TO THF 
UNDERGROUND WORKINGS). 
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